Copper-Targeting Approaches in Alzheimer's Disease: How To Improve the Fallouts Obtained from in Vitro Studies.
According to the amyloid cascade hypothesis, metal ions, mainly Cu and Zn ions, bound to the amyloid-β (Aβ) peptides are implicated in Alzheimer's disease (AD), a widespread neurodegenerative disease. They indeed impact the aggregation pathways of Aβ and are involved in the catalytic generation of reactive oxygen species (ROS) that participate in oxidative stress, while Aβ aggregation and oxidative stress are regarded as two key events in AD etiology. Cu ions due to their redox ability have been considered to be the main potential therapeutic targets in AD. A considerable number of ligands have been developed in order to modulate the toxicity associated with Cu in this context, via disruption of the Aβ-Cu interaction. Among them, small synthetic ligands and small peptide scaffolds have been designed and studied for their ability to remove Cu from Aβ. Some of those ligands are able to prevent Cu(Aβ)-induced ROS production and can modify the aggregation pathways of Aβ in vitro and in cellulo. Examples of such ligands are gathered in this Viewpoint, as a function of their structures and discussed with respect to their properties against Cu(Aβ) deleterious fallouts. Nevertheless, the beneficial activities of the most promising ligands detected in vitro and in cellulo have not been transposed to human yet. Some parameters that might explain this apparent contradiction and key concepts to consider for the design of "more" efficient ligands are thus reported and discussed. En passant, this Viewpoint sheds light on the difficulties in comparing the results from one study to another that hamper significant advances in the field.